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Abstract
The bovine intercaruncular uterine wall expresses steroid hormone receptors throughout pregnancy.
Concentrations of specific hormones undergo massive changes during the peripartal period and
modulate the synthesis of their own receptors. This is well documented for the placentome, but
respective data concerning the intercaruncular uterine wall are completely lacking. Thus, intercaruncular
uterine wall segments from cows (I) being 8 and 9 months pregnant (slaughtered cows) and (II) cows
undergoing a premature caesarean section 269-282 days after artificial insemination (AI) with (IIa, b) or
without (IIc) induction of birth with PGF(2alpha) agonist or (III) receiving a caesarean section during
severe dystocia (n=6, 5, 5, 5, 6 and 4 animals, respectively) were studied. In four naturally calving cows
(IV) endometrial biopsies were obtained within 30 min after the expulsion of the calf. All tissue probes
were fixed for 24h in 4% formaldehyde, routinely embedded in paraffin, and cut at 4 microm.
Progesterone receptors (PR), estrogen receptor alpha (ERalpha) and glucocorticoid receptors (GR) were
assessed using specific antibodies and staining intensities were documented employing an
immunoreactive score (IRS). PR, ERalpha and GR exhibited cell type- and location-specific distribution
patterns. IRS for PR and ERalpha did not differ between groups. GR-IRS of endometrial stromal cells,
however, were higher in animals undergoing premature caesarean section after induction of birth
compared to animals slaughtered during month 8 or 9 of pregnancy or animals receiving caesarean
section following dystocia. Results of the present study indicate that steroid hormone receptor amounts
within the intercaruncular uterine wall do not (PR, ERalpha) - or in a tissue-specific manner (GR) only -
change during the peripartal period, although respective hormones undergo massive changes during this
period. This is in strict contrast to the placentome. Comparatively lower local tissue estrogen
concentrations around term may be one cause for this difference.
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The bovine intercaruncular uterine wall expresses steroid hormone receptors throughout 2 
pregnancy. Concentrations of specific hormones undergo massive changes during the 3 
peripartal period and modulate the synthesis of their own receptors. This is well documented 4 
for the placentome, but respective data concerning the intercaruncular uterine wall are 5 
completely lacking. 6 
Thus, intercaruncular uterine wall segments from cows (I) being 8 and 9 months pregnant 7 
(slaughtered cows) and (II) cows undergoing a premature caesarean section 269 - 282 days 8 
after artificial insemination (AI) with (IIa,b) or without (IIc) induction of birth with PGF2α 9 
agonist or (III) receiving a caesarean section during severe dystocia (n=6, 5, 5, 5, 6 and 4 10 
animals, respectively) were studied. In four naturally calving cows (IV) endometrial biopsies 11 
were obtained within 30 min after the expulsion of the calf. All tissue probes were fixed for 24 12 
h in 4% formaldehyde, routinely embedded in paraffin, and cut at 4 µm. Progesterone 13 
receptors (PR), estrogen receptor α (ERα) and glucocorticoid receptors (GR) were assessed 14 
using specific antibodies and staining intensities were documented employing an 15 
immunoreactive score (IRS). PR, ERα and GR exhibited cell type- and location-specific 16 
distribution patterns. IRS for PR and ERα did not differ between groups. GR IRS of 17 
endometrial stromal cells, however, were higher in animals undergoing premature caesarean 18 
section after induction of birth compared to animals slaughtered during month 8 or 9 of 19 
pregnancy or animals receiving caesarean section following dystocia. 20 
Results of the present study indicate that steroid hormone receptor amounts within the 21 
intercaruncular uterine wall do not (PR, ERα) - or in a tissue-specific manner (GR) only - 22 
change during the peripartal period, although respective hormones undergo massive 23 
changes during this period. This is in strict contrast to the placentome. Comparatively lower 24 
local tissue estrogen concentrations around term may be one cause for this difference. 25 
Keywords: Progesterone receptors; Oestrogen receptor α; Glucocorticoid receptors; 26 
Immunohistochemistry; Cattle; Uterus; Peripartal 27 
 28 
 3 
1. Introduction 1 
In an immunohistochemical study based on tissue probes collected from slaughtered animals 2 
Boos et al. (2006) reported that the bovine intercaruncular uterine wall expresses 3 
progesterone receptors (PR), oestrogen receptor α (ERα) and glucocorticoid receptors (GR) 4 
in cell-type specific, location-specific and pregnancy stage-specific patterns.  5 
PR were present at high levels in myometrium and endometrial stromal cells and at low 6 
levels in endometrial glands.  During ongoing pregnancy, PR did not exhibit any defined 7 
pattern - i. e. increased in superficial stromal cells, decreased in glandular tubules and 8 
remained almost unchanged in gland openings, intermediate and deep stromal cells and in 9 
myometrial smooth muscle cells. ERα were present at high levels in myometrial smooth 10 
muscle cells, intermediate and deep stromal cells and at low levels in surface epithelium, 11 
superficial stromal cells, glands and endometrial and myometrial blood vessels. During the 12 
progression of pregnancy ERα decreased significantly in surface epithelium, glandular 13 
tubules, superficial and intermediate stromal cells and myometrial blood vascular cells. GR 14 
immunoreactivity was recorded in surface epithelium, glandular openings, endometrial and 15 
myometrial blood vessels. GR increased significantly in endometrial surface epithelium and 16 
myometrial blood vessels towards the end of pregnancy. Thus, PR remained fairly 17 
unchanged during pregnancy while ERα and GR exhibited distinct changes paralleling 18 
findings obtained in placentomes (Boos et al., 2000, 2006).  19 
Induction of parturition with a prostaglandin F2α agonist resulted in significant and temporary 20 
increased immunoreactivity for PR, ERα, and GR in several cell types of placentomes which 21 
were, however, no longer recorded in animals after spontaneous calving (Boos et al., 2000). 22 
Since the peripartal period was not included in the study dealing with the intercaruncular 23 
uterine wall (Boos et al., 2006), it is not known if this compartment of the bovine uterus 24 
exhibits similar endocrinological changes during this period of reproduction. The latter is 25 
sensitive to disorders often leading to impaired calf viability or lowered fertility after more or 26 
less severe dystocia (Zhang et al., 1999a,b; Wischral et al., 2001; Kindahl et al., 2002, 2004; 27 
Taverne et al., 2002).  28 
 4 
Information concerning the intercaruncular uterine wall at term, however, is of great interest 1 
since it is known from literature that the uterus secretes prostaglandin F2α, which is 2 
synthesised mainly within placentomes and by the intercaruncular uterine surface epithelium 3 
and thus requires discrete modulation (see e.g. Danet-Desnoyers et al., 1994; Asselin et al., 4 
1996). From studies in cattle and sheep it is believed that this process is mainly oestrogen 5 
dependent (Asselin et al., 1996; Challis et al., 2000; Whittle et al., 2001), but a direct effect of 6 
glucocorticoids cannot not be ruled out in the light of these recent findings (Boos et al., 2000, 7 
2006).  8 
Thus, intercaruncular tissue specimens of uteri of pregnant cows were obtained during two 9 
periods from animals at slaughter (I), during caesarean sections (II) and by using biopsy 10 
forceps after the expulsion of the calf (III). Tissue probes were handled differently during 11 
dehydration and embedding - i. e. manually in period 1 and automatically in period 2 - and 12 
analysed immunohistochemically using light microscopy for steroid hormone receptors to 13 
characterise peripartal changes.  14 
 15 
2. Materials and methods 16 
 17 
2.1. Animals: 18 
The 35 animals (see table 1) enrolled in the present study all belonged to the “Holstein 19 
Frisian” breed. During the first sampling period in 1997, uteri of 11 late pregnant cows were 20 
collected at the local abattoir. Six cows were in the 8th  (Ia, crown rump length 60.0–67.0 cm, 21 
see Schnorr and Kressin, 2001) and five cows in the 9th month of gestation (Ib, crown rump 22 
length 70.0–80.0 cm). Immediately after being stunned by bolt pistol, the animals were 23 
eviscerated and the samples were taken. Following a short macroscopical assessment, a 24 
complete cross section was done through the intercaruncular uterine wall. Additionally five 25 
pre-partum cows being 274 - 282 days post insemination were housed at the Clinic for Cattle 26 
of the University of Veterinary Medicine Hanover, Germany. Each cow received 1 mg 27 
Cloprostenol-Na (Estrumate®, Essex Tierarznei, Munich, Germany) per cow to induce calf 28 
 5 
lung maturation (Zaremba et al., 1997) and induce birth. Caesarean sections were performed 1 
27 h later under local anaesthesia with cows standing when the dams did not show any 2 
clinical sign of labour. Four more cows were at term in labour, suffering from severe dystocia 3 
and received a caesarean section as therapy. Samples were taken from these cows within 4 
the intercaruncular segments of the uterine wall along the cut of the uterus after the delivery 5 
of the calf.  6 
During the second period - tissue samples collected in 2004 focussing on the very peripartal 7 
period - the effect of PGF2α agonist and of spontaneous birth was assessed. Six cows (272 - 8 
276 days after insemination, housed at the Federal Agricultural Research Centre, D-31535 9 
Neustadt-Mariensee, Germany) received a premature caesarean section without any pre-10 
treatment (group IIb) or 27 h after the application of 1 mg Cloprostenol-Na per cow (n = 5, 11 
269 - 273 days after insemination; cows housed at the Clinic for Cattle, University of 12 
Veterinary Medicine Hanover, Germany). Tissue samples were collected as mentioned 13 
above. Another 4 cows - also housed at the Federal Agricultural Research Centre - 14 
spontaneously delivered living calves without any problems. Following expulsion of the 15 
offspring, biopsy samples were taken from the intercaruncular endometrium per vaginam 16 
using biopsy forceps (Narco Pilling, Fort Washington, PA, USA). 17 
Animal experiments were approved by administration of the district Hanover, and performed 18 
according to the German Law for the Protection of Animals (TierschG) and the 19 
recommendations of the German Society of Laboratory Animal Science (GV-SOLAS).20 
 21 
2.2 Sample preparation: 22 
Immediately after excision the samples were immersed in 4% neutral buffered formalin for 24 23 
h. Thereafter they were rinsed in tap water for 20 h. Subsequently the samples (period 1, 24 
1997) were dehydrated in 50 %, 70 %, 80 % (24 h each) and 96 % alcohol (4-5 h), 25 
transferred to acetic acid-n-butyl ester (3-4 h; Riedel-de-Haën, Seelze, Germany) and 26 
immersed sequentially in hot liquid Paraplast Plus® (Sheerwood Medical, St Louis, MO, USA) 27 
for 12 h, 2 h and 2 h at 60 °C and finally embedded in Paraplast Plus®.  28 
 6 
For period 2 (sampling of tissues in 2004), further processing of tissue probes was done 1 
using an automatic tissue processor (TP1020®, Leica, Wetzlar, Germany). The duration of 2 
each step was 2 x 4 h each and the reagents were ethanol (70 %, 96 %, 100 %), benzoic 3 
acid methyl ester, xylene and paraffin (Histowax®, Leica, Wetzlar, Germany). Following this 4 
procedure, tissue samples were embedded in paraffin. 5 
Four micrometer thick sections were cut using a rotation microtome (RM2155®, Leica, 6 
Wetzlar, Germany), placed upon adhesive glass slides (SuperFrost Plus®, Menzel-Gläser, 7 
Braunschweig, Germany) and heat dried at 60 °C for 30 min. 8 
 9 
2.3 Immunohistochemistry 10 
Wax was removed using xylene (3 X 5 min), sections were hydrated through serial dilutions 11 
of ethanol to water and antigen retrieval, i.e. unmasking of crosslinked epitopes (see e.g. Shi 12 
et al., 2001) was carried out by incubating the sections in citrate buffer (0.01 mol l–1, pH 6.0; 13 
ProTaqs® citrate buffer concentrate and diluted with H2O to finally obtain 1000 ml solution; 14 
Medite, Nunningen, Switzerland) in a microwave oven (600 W, 1 X 10 min and 3 X 4 min) for 15 
PR and ERα (period 1, respectively). Antigen retrieval for ERα in period 2 probes was 16 
performed using TEC buffer (pH 7.8, 2.5 g trizma base, 5.0 g EDTA and 3.2 g trizma sodium 17 
citrate in 1000 ml H2O) for 30 min at 95 - 97 °C and GR epitopes were unmasked employing 18 
trizma-EDTA buffer (pH 9.0, 1.21 g trizma base, 0.37 g EDTA in 1000 ml H2O and 0.5 ml 19 
Tween 20) for 15 min at 95 - 97 °C. Thereafter sections were incubated in the above 20 
mentioned buffer solutions and cooled down to room temperature (RT). 21 
Sections were encircled with a Dako Pen® (Dako, Hamburg, Germany) and tissue specific 22 
peroxidases were quenched using 3 % (PR) or 2 % H2O2 (ERα and GR, respectively) for 10 23 
min and sections were incubated in trizma-buffered saline (TBS, buffer stock solution: 6.1 g 24 
trizma base, 50 ml H2O and 37 ml 1 N HCl, diluted with H2O to 1000 ml solution, adjust pH to 25 
7.6; working solution: 100 ml buffer stock solution plus 900 ml saline, 0.85 %). Subsequent 26 
immunohistochemistry was performed at RT according to the instructions of the supplier 27 
using Vectastain Elite ABC kit for mouse-IgG (Vector, Burlingame, CA, USA).  28 
 7 
 1 
2.3.1. Progesterone receptors 2 
Blocking was performed by incubating sections in a humidified chamber for 20 min with 3 
normal horse serum and a serum-free protein block (Dakocytomation, Zug, Switzerland) for 4 
10 min. PR were detected with a mouse monoclonal antibody αPR6 (diluted 1:500, i.e. 1.22 5 
µg ml–1 in TBS) (Sullivan et al., 1986; gift of D. O. Toft, Mayo Medical School, Rochester, MI, 6 
USA), directed against amino acids 113–125 of the chicken progesterone receptor (D. O. 7 
Toft, pers. commun.) and cross-reacting with the bovine antigen (see Hurd et al., 1991). This 8 
amino acid sequence is common to forms A and B of the receptor (see Gronemeyer et al., 9 
1987). Incubation for 60 min was followed by rinsing with TBS for 5 min, incubation with a 10 
horse anti-mouse-IgG antibody for 30 min, rinsing with TBS (5 min) and incubation with ABC 11 
complex for 30 min. This step was followed by rinsing with TBS (5 min), incubation with 12 
diaminobenzidine tetrahydrochloride (DAB) chromogen and H2O2 (DAB substrate kit, Vector, 13 
Burlingame, CA, USA) for 2 min and rinsing with TBS (5 min). Finally, nuclei were 14 
counterstained with haemalaun according to Mayer (Böck, 1989) for 20 s, rinsed with tap 15 
water for 10 min, dehydrated, cleared in xylene and automatically mounted (Medite, RCM 16 
2000®, Nunningen, Switzerland) in Pertex® (Medite, Nunningen, Switzerland). 17 
Negative controls were performed employing non-immune mouse IgG (Vector, Burlingame, 18 
CA, USA) in equal concentration instead of the primary antibody. Positive controls were 19 
performed on uterine sections of a cow in pro-oestrus. 20 
 21 
2.3.2. Oestrogen receptor α 22 
Blocking was performed by incubating sections in a humidified chamber for 20 min with 23 
normal horse serum and a serum-free protein block (Dakocytomation, Zug, Switzerland) for 24 
10 min. ERα was detected with a mouse monoclonal antibody Ab-8 (clone AER311, Lab 25 
Vision, Fremont, CA, USA) diluted 1:50 in TBS and directed against calf uterine ERα protein. 26 
Incubation for 20 h at 4 °C was followed by rinsing with TBS for 5 min, incubation with a 27 
horse anti-mouse-IgG antibody for 30 min, rinsing with TBS (5 min) and incubation with ABC 28 
 8 
complex for 30 min. This step was followed by rinsing with TBS (5 min), incubation with 1 
diaminobenzidine tetrahydrochloride (DAB) chromogen and H2O2 (DAB substrate kit, Vector, 2 
Burlingame, CA, USA) for 2.5 min (period 1 probes) or 3.5 min (period 2 probes) and rinsing 3 
with TBS (5 min). Counterstaining and mounting were performed as described for PR.  4 
Controls were performed employing non-immune mouse IgG (Vector, Burlingame, CA, USA) 5 
in equal concentration instead of the primary antibody. Positive controls were performed on 6 
uterine sections of a cow in pro-oestrus.  7 
 8 
2.3.3. Glucocorticoid receptors 9 
Blocking was performed employing an avidin-biotin blocking kit (Vektor, Burlingame, CA, 10 
USA) for 20 min each, normal goat serum (20 min) and a serum-free protein block 11 
(Dakocytomation, Zug, Switzerland) for 10 min. An affinity purified polyclonal antibody 12 
(rabbit, No. PA1-511, Dianova-Immunotech, Hamburg), directed against a 22 amino acid 13 
synthetic peptide (aa 346–367, common to receptor forms α and β; see Encio and Detera-14 
Wadleigh, 1997) from the amino terminus of the human glucocorticoid receptor (Cidlowski et 15 
al., 1990), diluted 1:300 in PBS, was used for glucocorticoid receptor detection. This antibody 16 
cross-reacts with ruminant GR (Saoud and Wood, 1996) and has already been used on 17 
cattle reproductive organs (Boos et al., 2000, 2006). Incubation for 20 h at 4 °C was followed 18 
by rinsing with TBS (3 X 3 min), incubation with a goat anti-rabbit-IgG antibody for 30 min, 19 
rinsing with TBS (3 X 3 min) and incubation with ABC complex for 30 min. This step was 20 
followed by rinsing with TBS (3 X 3 min), incubation with diaminobenzidine tetrahydrochloride 21 
(DAB) chromogen and H2O2 (DAB substrate kit, Vector, Burlingame, CA, USA) for 5 min and 22 
rinsing with TBS (3 X 3 min). Counterstaining and mounting were performed as described for 23 
PR. 24 
Controls were performed employing non-immune rabbit IgG (Vector, Burlingame, CA, USA) 25 
in equal concentration instead of the primary antibody. Positive controls were performed on 26 
placental sections of a cow at term. 27 
 28 
 9 
2.4. Semiquantitative evaluation of histochemical reactions 1 
Immunoreactivity was evaluated by a single observer at a magnification of x 400 in randomly 2 
selected microscopic fields in different tissue locations: (I) superficial endometrium with 3 
surface epithelium (SE), glandular openings (GO) and subepithelial stroma (SS), (II) 4 
intermediate and deep endometrium with respective connective tissue (DS) and glandular 5 
tubules (GT) and (III) myometrium (MSMC). The intensity of staining (SI) of 500 nuclei of 6 
each cell type (see below) was scored as negative = 0, weak = 1, intermediate = 2, or strong 7 
= 3, correlating to absence of brown (that is, blue counterstain only), light brown, brown or 8 
dark brown staining, respectively (i.e. SI0 - SI3). The frequency of the different staining 9 
intensities was assessed separately for each type of cell. 500 cells per type were evaluated 10 
and results were expressed as a percentage of positively stained cells of the respective type. 11 
Immunoreactivity of the different cell types in the three tissue locations described above was 12 
expressed using scores (progesterone receptor immunoreactive score, PR-IRS; oestrogen 13 
receptor α immunoreactive score, ERα-IRS; or glucocorticoid receptor immunoreactive 14 
score, GR-IRS), calculated according to the following procedure (see Boos et al., 2006): 15 
 16 
PR-IRS or ERα-IRS or GR-IRS = 0 x n (SI0) + 1 x n (SI1) + 4 x n (SI2) + 9 x n (SI3), 17 
 18 
where n = percentage of cells of a specific type that demonstrated characteristic staining 19 
intensities, SI0 = staining intensity negative, SI1 = staining intensity weak, SI2 = staining 20 
intensity intermediate, SI3 = staining intensity strong. IRS fluctuates between 0 (no specific 21 
stain) and 900 (all cells exhibit strong immunoreactivities). 22 
 23 
2.5. Progesterone determination in blood plasma 24 
Vena jugularis externa blood samples were taken from cows at the time of uterine wall tissue 25 
collection during caesarean section during sampling period 2 (6 cows with vs. 5 cows without 26 
induction of labour with 1 mg Cloprostenol-Na). Plasma was harvested, frozen and stored at 27 
-20 °C until analysis at the endocrine laboratory of the Clinic for Cattle of the University of 28 
 10 
Veterinary Medicine Hannover. Progesterone was determined by radioimmunoassay 1 
procedure according to Behrens et al. (1993). Intra-assay variation coefficient was 4.5 % and 2 
inter-assay variation coefficient was 9.7 %. 3 
 4 
2.6. Statistical methods 5 
Immunoreactive scores for receptors were analysed statistically using StatView® software 6 
(release 5.1, SAS Institute Inc., NC, USA) for each type of cell by comparing data from all 7 
groups of animals within one sampling period (period 1 or period 2). Factorial analysis of 8 
variance (ANOVA) was used to evaluate the influence of time (represented by groups of 9 
animals). Significant differences between groups were evaluated using Bonferroni-Dunn 10 
procedure as post-hoc test. Data are presented as mean ± S.E. of the mean. Differences 11 
were considered as significant, if p<0.05. Differences between progesterone concentrations 12 
during sampling period 2 were tested using Student’s t-test. 13 
 14 
3. Results 15 
3.1. Progesterone receptors 16 
Only nuclei reacted specifically with the anti-progesterone receptor antibody αPR6, i.e. there 17 
was no cytoplasmic stain (Fig. 1a and b). The endometrial surface epithelium was devoid of 18 
progesterone receptor protein, while glands generally exhibited a very faint immunoreaction 19 
(Fig. 1a and b). Stronger staining was evident in stromal cells and the most prominent 20 
immunoreaction was noticed in myometrial smooth muscle cells (Fig. 1b and b’). These cell 21 
type specific staining intensities result in many significant differences between the 22 
immunoreactive scores of the cell types assessed (see Table 2). 23 
However no significant differences could be established between the groups of animals 24 
included in the present study (see Table 2). 25 
 26 
3.2. Oestrogen receptor α 27 
 11 
Several cell types exhibited positive nuclear immunolabelling, when Ab-8 (clone AER311) 1 
was applied (Fig. 1c and d). Endometrial surface epithelial cells (Fig. 1d), glandular epithelial 2 
cells (Fig. 1d’) and myometrial smooth muscle cells (Fig. 1d’’) exhibited stronger ERα 3 
staining as compared to endometrial stromal cells - reflected by several significant 4 
differences between the immunoreactive scores obtained from these groups of cell types 5 
(see Table 2).  6 
No significant differences were, however, detected between the groups of animals enrolled in 7 
this study (see Table 2).  8 
 9 
3.3. Glucocorticoid receptors 10 
Nuclei reacted strongly with the polyclonal rabbit anti-glucocorticoid receptor antibody PA1-11 
511 and a very faint cytoplasmic stain also occurred (Fig. 1f and g). Surface epithelial cells 12 
(Fig. 1e and f), stromal cells within the superficial endometrial connective tissue (Fig 1e and 13 
f) and myometrial smooth muscle cells (Fig. 1g) exhibited stronger immunoreactive labelling 14 
compared to the stromal cells within the deep endometrial connective tissue and the 15 
glandular epithelial cells (Fig. 1e’). This is reflected by corresponding significant differences 16 
established in sampling period 1 (see Table 2). In sampling period 2, differences between 17 
cell types were found to be non-significant (see Table 2). 18 
GR-IRS of superficial (8th and 9th month of pregnancy) and deep stromal cells (9th month of 19 
pregnancy) were significantly lower in tissues collected from such animals at slaughter 20 
compared to animals undergoing premature caesarean section after induction of birth with a 21 
PGF2α agonist (Fig. 1e and e’ versus 1f and f’; sampling period 1, see also Table 2). 22 
 23 
3.4. Progesterone concentration in blood plasma 24 
Animals without induction of labour and undergoing a premature caesarean section had 25 
significantly higher progesterone concentrations compared to animals without such pre-26 
treatment (4.30±1.07 vs. 1.58±0.30 ng/ml; p<0.05). 27 
 28 
 12 
4. Discussion 1 
The results of the present study indicate that progesterone receptors, oestrogen receptor α 2 
and glucocorticoid receptors are expressed in the bovine intercaruncular uterine wall during 3 
late pregnancy and around parturition and exhibit cell type-specific distribution patterns. 4 
Location dependent expression of progesterone receptors and glucocorticoid receptors was 5 
evident under specific circumstances in stromal cells within the bovine endometrium, i. e. 6 
superficial connective tissue versus deep connective tissue. This implies that at the end of 7 
pregnancy - as during early and mid-pregnancy (Boos et al., 2006) - various cell types of the 8 
intercaruncular uterine wall demonstrate specific sensitivities to progesterone, estrogens and 9 
glucocorticoids, which finally may result in cell type-specific reaction patterns. This confirms 10 
and extends results of a former study which dealt with intercaruncular uterine wall during 11 
pregnancy but did not include the period near parturition and after the expulsion of the 12 
foetus. 13 
Within the myometrium, almost all smooth muscle cells expressed progesterone receptor 14 
during late pregnancy and at parturition indicating a direct influence of progesterone on the 15 
contractile activity of this layer, finally resulting in myometrial quiescence until the beginning 16 
of the expulsion of the foetus (see e.g. Challis et al., 2000; Taverne et al., 2001, 2002; 17 
Whittle et al., 2001). Additional effects of prostaglandin E2 and ocytocin via their receptors 18 
may also play an important role in this respect (Fuchs et al., 1999; Arosh et al., 2003; 19 
2004a,b; Wehbrink et al., 2005). 20 
It is interesting to note that during late pregnancy and at term glucocorticoid receptors were 21 
immunohistochemically detectable in nuclei of endometrial surface epithelial cells. These 22 
findings are supported by results recently obtained in sheep (Gupta et al., 2003). Maternal 23 
surface epithelial cells express enzymes for endometrial prostaglandin synthesis during 24 
pregnancy (Fuchs et al., 1999; Arosh et al., 2004a,b; Wehbrink et al., 2005). The increase in 25 
luminal epithelial glucocorticoid receptor protein expression during ongoing pregnancy is in 26 
accordance with clinical observations that initiation of premature birth by glucocorticoids is 27 
only possible beyond the second trimester of gestation (Aurich and Aurich, 1994). It may be 28 
 13 
suggested in this connection that glucocorticoids directly stimulate endometrial and placental 1 
prostaglandin F2α synthesis and secretion leading to luteolysis and labour or premature birth 2 
or abortion if given during late pregnancy. 3 
The regulation of uterine prostaglandin F2α synthesis and secretion during spontaneous 4 
labour or initiated parturition by estrogens and/or glucocorticoids warrants further 5 
investigation since the presence of glucocorticoid receptors on endometrial surface epithelial 6 
cells and glandular openings was not known until recently (Boos et al., 2006). In this respect 7 
- i.e. prostaglandin F2α synthesis in the domestic cow - in vivo studies focused mainly on the 8 
whole uterus of pregnant animals or only placental tissues were analysed employing 9 
glucocorticoids (see e.g. Gross and Williams, 1988; Hoedemaker et al., 1991; Izhar et al., 10 
1992; Wood, 1999; Königsson et al., 2001). Recent papers employing COX-2 11 
immunohistochemistry reveal that the foetal aspect of the bovine placenta should contribute 12 
to uterine prostaglandin F2α synthesis at term since this key enzyme is localised mainly in 13 
uninucleated placental trophoblast cells (Arosh et al., 2004a, Schuler et al., 2006). The 14 
quantitative and possibly time-dependent contribution of the intercaruncular uterine wall (see 15 
Wehbrink et al., 2005) and the placentomes to uterine PGE2 and PGF2α production around 16 
term remains to be elucidated. 17 
It is interesting to note, that the two different protocols of tissue dehydration and embedding 18 
in wax - tissue fixation with 4% neutral buffered formaldehyde solution was identical - as 19 
performed during sampling period 1 in Hanover and sampling period 2 in Zurich had a great 20 
impact on the intensity of immunohistochemical staining depending on the antibodies used, i. 21 
e. antibodies against PR, ERα or GR. While for PR no differences were visible, these were 22 
clearly evident in ERα and in GR - necessitating a completely different protocol of antigen 23 
retrieval. Thus, comparison of studies employing similar techniques must be regarded 24 
cautiously since both, (I) tissue processing - here: acetic acid-n-butyl ester versus benzoic 25 
acid methyl ester and xylene as solvents, both of which may differently interfere with the 26 
tertiary conformation of the receptor proteins assessed - and (II) differing antibody 27 
 14 
specificities i. e. immunogenic epitopes (Schuler et al., 2002) can influence results of 1 
immunohistochemical procedures.  2 
Finally it should be mentioned, that in the intercaruncular uterine wall no changes of the 3 
overall progesterone and estrogen receptors are detected towards term.  Any observed 4 
changes are cell-type specific (GR increase in endometrial stromal cells) and only evident 5 
during sampling period 1 and not 2 (expected between non-induced and induced premature 6 
caesarean sections) although changes in hormone concentrations are tremendous. This is in 7 
contrast to the placentome, where immunoreactive scores of PR, ERα and GR are 8 
significantly higher in most cell types of animals during induced parturition compared to cells 9 
in tissue specimens collected at slaughter during the last trimester of pregnancy (Boos et al., 10 
2000). In the present study, changes in plasma progesterone concentrations were 11 
significantly lower 27 h after PGF2α agonist application, which is in accordance with other 12 
reports (Kindahl et al., 2002) that indicate a drop of progesterone concentrations below 1 13 
ng/ml as early as 8 h after prostaglandin application (Taverne et al., 2002). The cause of 14 
absence or only slight reaction compared to the placentomes onto the massive endocrine 15 
changes taking place at parturition may be explained by the fact, that placentomal tissue is 16 
the source and target of estrogens (Hoedemaker et al., 1990; Hoffmann and Schuler, 2002) 17 
and prostaglandins (Gross and Williams, 1988; Hoedemaker et al., 1991). These are the 18 
most important molecules in this respect and should therefore be found in higher 19 
concentrations within this uterine compartment compared to the intercaruncular uterine wall. 20 
Hormones secreted within placentomes may reach the intercaruncular uterine wall via the 21 
blood stream or counter-current mechanisms within the broad ligament (see e. g. Einer-22 
Jensen, 1988; Kotwica and Krzymowski, 1989; Banu et al., 2005) resulting in strong dilution 23 
and time lag. It may be speculated from the present study that the expression level of the 24 
receptors detected here is sufficient to mediate the actions of these hormones at the cellular 25 
level.   26 
 27 
5. Conclusion 28 
 15 
During late pregnancy and around term the intercaruncular uterine wall expresses receptors 1 
for progesterone, estrogens and glucocorticoids, which are distributed in cell type and 2 
location specific patterns (PR, GR) implying a highly specific hormonal regulation. Hormonal 3 
changes around parturition only slightly influence GR expression, while PR and ERα remain 4 
unchanged. The influence of progesterone, estrogens and glucocorticoids on their own 5 
receptors and on uterine functions, such as prostaglandin production, ocytocin and 6 
prostaglandin receptor expression, uterine contractility - placentomes and intercaruncular 7 
uterine wall separately assessed - remain to be elucidated to find out the contribution of both 8 
compartments to normal reproduction and undisturbed fertility. 9 
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 Fig. 1: Immunolocalization (brown staining) of progesterone receptors (PR), oestrogen 1 
receptor α (ERα) and glucocorticoid receptors (GR) in the bovine intercaruncular uterine wall 2 
during the peripartal period.  3 
PR (see a,b, and b’) were confined to nuclei and evident in glandular epithelial cells (GE), 4 
stromal cells within the superficial (SS) and deep stroma (DS), and in smooth muscle cells 5 
(SMC) of the myometrium (MM); G: uterine glands. ERα (see c,d, d’, and d’’) was also 6 
confined to nuclei and detected in surface epithelium (SE), glandular epithelial cells (GE), 7 
stromal cells of the superficial (SS) and deep stroma (DS), smooth muscle cells (SMC) of the 8 
myometrium (MM), and endothelial cells (E) of blood vessels (BV). Immunoreactions for GR 9 
(e,f,f’,g, and g’) were evident in nuclei and cytoplasm and were visualised in many cell types 10 
of the uterine wall: surface epithelium (SE), glandular epithelial cells (GE), stromal cells of 11 
the superficial (SS) and deep stroma (DS), endothelial cells (E), and smooth muscle cells 12 
(SMC) of the myometrium (MM; see g). Stromal cells exhibited weaker immunoreactions for 13 
GR within the superficial (SS) and deep stroma (DS) of probes gained at slaughter during the 14 
9th month of pregnancy as compared to probes taken from animals during premature 15 
caesarean 27 h after the application of a PGF2α agonist (e, e’ vs. f, f’, respectively). 16 
17 
 22 
Table 1: Origin of tissue probes used in this study 1 
Sampling 
period 





1 Ia 6 8th month Slaughter 
1 Ib 5 9th month Slaughter 
1 IIa 5 d274-d282 aai 1 mg Clp, pcs 
1 III 4 At term cs after dystocia 
2 IIb 6 d272-d276 aai pcs 
2 IIc 5 d269-d273 aai 1 mg Clp, pcs 
2 IV 4 <30 min after birth Biopsy 
aai: after artificial insemination; Clp: Cloprostenol-Na; cs: caesarean section; pcs: 2 
premature caesarean section.3 
 1 
